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(54) CAPSULES 

(71) We, WIGGINS TEAPE then reacts with the co-reactant material on 
LIMITED, a British Company, of the sheet to produce a colour. 50 
P.O. Box 88, Gateway House, Basing View, It is an object of the present Invention to 
Basingstoke, Hampshire RG21 2EE, formerly provide an improved method of making 
5 of 3 Lincoln's Inn Fields, London WC2A microcapsules. 

3EB, do hereby declare die invention for^ According to the invention, there is pro- 
which we pray that a patent may be granted vided a method of encapsulating finely 55 
to us, and the method by which it is to be divided particulate material to produce 
performed, to be particularly described in microcapsules in which the particulate mater- 
10 and by the following statement: — ial is surroimded by a polymeric shell, com- 

This invention relates to microcapsules and prisbg the steps of forming a dispersion of 
tiieir production. ^d particulate material in an aqueous 60 

Microcapsules afford a convenient means medium containing a water soluble urea 
of holding reactive or volatile materials in formaldehyde piecondensate, a water soluble 
15 readiness for subsequent use. The encapsu- melamine formaldehyde precondensate, and 
lated materials retain their properties until a water soluble polymer which is capable of 
the article to which they are applied is used being cross-linked by said precondensates, 65 
Amongst the materials which it has been pro- and condensing said precondensates by acid 
posed to encapsulate are flavourings, ad- catalysts with resultant cross-linkmg of said 
20 hesives, sealants, drugs fertilisers and dyes. polymer about said particulate material, 
However, the most wide^read use of tiiereby to form said polymeric shell. It is 
microcapsules to date has probably been in dioug^t that the cross«linking action of the 70 
certain kinds of pressure sensitive copying precondensates is primarily the result of the 
systems. In one such system, usually known presence of methylol groups, but other gn>m>- 
25 as a transfer system, an upper sheet is coated ings may possibty be involved, 

on its lower surface with microcapsules con- The invention also embraces microcapsules 
tammg a solution of colourless colour former, produced by ibt method defined in the pre- 75 
and a lower sheet is coated on its upper sur- cedmg paragraph and sheet material carrying 
face witii a colour developmg co-reactant such microcapOTles. Such sheet materials may 
30 material, e.g. an acidic clay, a phaiolic resm be paper, and the microcapsules may be 
or certain organic salts. For more applica- present as a coating or in the interstices 
tions, a number of intermediate sheets are between the fibres of the paper 80 
also provided, each of which is coated on its The finely divided particulate material may 
lower surface witii microcapsules and on its be a solid or it may be minute droplets of a 
35 upper surfece with acidic material. Pressure watex-immiisciijde Uqm± In the latter case, 
exerted on the sheets by writing or typing the polymer must be dispersion stabilising as 
ruptures the microcapsules, thereby releasing defined hereafter. The egression "water- 85 
die colour former solution on to die acidic immiscible liquid" mcludes not only liquids 
material on the nesrt lower sheet and giving which are absolutely immisdble with water 
40 rise to a chemical reaction which develops but also those which are largely immisdble 
the colour of the colour former. witii water but nevertheless have a slidit 

In another such system, usually known as solubility. 90 
a self-contained system, microcapsules and The water-soluble polymer preferably con- 
colour developing co-reactant material are tains alcohol, amine, amide, add or add 
45 coated on to the same surface of a sheet of derivative groiips. Prrferred eacamples of such 
paper, and writing or typing on a sheet placed polymers are cellulose derivatives e.g. carb- 
above the coated sheet causes the capsules to oxymethyl cellulose and methylhydroxy 95 
rupture and release the colour former, which propyl cellulose, starch, a starx± derivative 



2 



1^07,739 



2 



. a polyacid, a polyester, a polyanhydride co- 
polymear e.g. pol5rvinyl methyl ether/maleic 
anhydride copolymer or polyethylene maleic/ 
anhydride copolymer^ a polyacrylamide or a 
5 pol3^crylamide copolymer. A particularly 
advantageous polymer is an acrylamide/ 
acrylic acid copolymer. Capsules made using 
sudi a copolymer have been found to be 
particularly resistant to ageing. 
10 By a dispersion-stabilising polymer is 
meant a polymer which in solution is dis- 
persion stabilidng on its own, or if that is 
not the case, is dispersion stabilising in the 
presence of at least one of the precondensates. 
15 An ^cample of the latter type of polymer is 
the pzeferced acrylamide/acrylic add copoly- 
mer, in^di is not dispersion stabilising on its 
own^ but when mixed wi^ the urea formalde- 
hyde precondensate will stabilise a disper- 
20 don. In order that the polymer is > dispersion- 
stabilising; the polymer is desirably charged» 
and is preferably anionic. 

Whilst in principle the chemical character- 
istics of the pre-condensates are not critical, 
25 there are certain practical constraints on the 
particular materials to be used. Firstly, the 
precondensates must be soluble in water. 
Secondly, some precondensates prevent the 
formation of a stable dispersion of the drop- 
30 lets, even in the presence of the dispersion- 
stabilising polymer. The choice of suitable 
precondensates which avoid the problems just 
discussed does not present any difficulty to 
die. experienced encapsulation technologist. 
35 The urea formaldehyde preconden^te is 
preferably cationic, and the melamine form- 
aldehyde precondensate is preferably a 
methylated melamine formaldehyde precon- 
densate. Instead of a single melamine fonn- 
40 aldehyde precondensate;, a mixture of two or 
more such materials may be used. Sinoilazly, 
a mixture of two or more urea formaldehyde 
precondensates may be used. 

If only polymer and urea formaldehyde 
45 precondensate are used, i.e. no melamine 
formaldehyde is present, capsules can still be 
formed, but rhey tend to be too weak to with- 
stand dhe drying operations involved in paper 
coating. Even if they can withstand sudh 
50 openattibnsL, it has been tound that they 
weaken unacceptably on ageing. 

The present metiiod may be carried out 
in a number of ways. For example, the 
urea formaldehyde precondensate, the mela- 
55 mine formaldehyde precondensate and the 
water-soluble polymer may all be present in 
the aqueous medium before addition of the 
liquid to be encapsulated, and the acid for 
bringing abom condensation of the pre-con- 
60 densates may be added subsequentiy. Alter- 
natively however, only the urea formaldehyde 
precondensate and the water-soluble polymer 
may be present in the aqueous medium when 
the liquid to be encapsiJated is added. The 



nielamine formaldehyde precondensate is then 65 
added subsequentiy. 

The stage at which acid is added is not 
crucial. lit is preferred that the acid is added 
once the material to be encapsulated has been 
added,^ either before or after addition of the 70 
mefamine formaldehyde precondensate. It is 
of course important that excessive oondensa- 
tum of the precondensates does not occur 
before the droplets are added, and that exces- 
sive- condensation of the urea fnrmaldehjyde 75 
precondensate does not occur before addition 
of the melamine formaldehyde precondensate, 
if the latter is added after tbe acid. C6ndi- 
tions under which such excessive condensation 
is avoided are readily determined by experi- 80 
ment. 

The optimimi pH for die condensation and 
cross-linking reactions depends to some extent 
on the precondensates and the water-soluble 
polymer used. For example, for the pref ened 85 
acrylamide/acrylic add copolymer a pH in 
the range 3.5 to 5.0 is preferred, more prefer- 
ably 4.0 to 4.5, for example 4.15. However, 
for a different polymer, vinyl methyl ether/ 
maleic anhydride copolymer, a pH of 5.0 to 90 
5.5 is preferred. The add used for pH adjust- 
ment is not critical, and may for example be 
acetic add or hydrochloric acid. If the water 
sohd>le polymer has a high natural addity, 
the amount of add used for pH adjustment 95 
will be less, and coi^ possibly be zero. An 
example of a polymer having a hig^ natural 
addity is ethylene/maleic anhydride copoly- 
mer. 

The order in which the capsule wall 100 
materials are added influences capsule pro- 
duction. At least certain melamine form- 
aldehyde preoHidensates tend to de-stabilise 
a dispersion of material to be encapsulated, 
which leads to coalescence of small droplets 105 
to form larger droplets. Thus;, if the melamine 
f ormalddiyde addition is delayed until some 
time after acidification, less coalescence 
occurs. The coalescence-inducing effect of 
melamine formaldehyde precondensate affords 1 10 
a d^ree of control over die droplet size of 
the capsules. For example, it is possible to 
add the melamine formaldehyde preconden- 
sate in smaU batches over a period of time, 
for example one hour. The more the number 115 
of separate additions, the greater the degree 
of coalescence observed. 

For minimising coalescence, the dispersion 
may be chilled before addition of the mela- 
mine formaldehyde precondensate and before 120 
addition of add for bringing about condensa- 
tion. Qulling is preferably to below 20®Q for 
example to 15°C. Chilling to any tempera- 
ture below 30^C has however been found to 
have some effect. 125 

Addification may be followed by maintain- 
ing the mixture in a warm state, for example 
at 55°C for two hours. If die melamine 
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fonnaldehyde precondensate is added after 
addition of the material to be encapsulated, 
without a chilling step, it is preferred to 
adjust the pH of the Aspersion before addi- 
tion of the melamine foxmaldehyde precon- 
densate and then to maintain the dispersion 
at 55°C for two hours after the addition of 
the melamine formaldehyde precondensate. 
Adjustmeat may be in two stages, one before 
and the other after addition of melamine 
fonnaldehyde precondensate. 

If a temperature lower dian 55*'C is used, 
capsules can still be obtained, but their pro- 
duction takes longer. For example, if the mix 
is maintained at SS'^C radier dian 55**Q the 
time taken to produce equivalent capsules 
may be as much as fifteen hours. Tempera- 
tures greater than 55**C may be used, for 
example up to SS^'Q but such capsules have 
so far been found to be somewhat more sus- 
ceptible to premature rupture once they are 
coated on to a paper sheet 

After condensation and cross-linking of the 
wall materials has occurred, the pH of die 
dispersion may be raised to alkalinity to stop 
further reaction of the wall materials. 

The capsule size is determined, within 
limits, by die size of the droplets hcmg en- 
capsulated, and thus the <apsule size can be 
varied by suitably milling a mixture of the 
capsule contents and a solution of one or 
more of the capsule wall materials. 
^ The present mediod may produce single 
oil drop capsules or capsule clusters^ depend- 
ing to a considerable extent on the materials 
and condidons used. For example, whereas 
the preferred acr^iamide/acrylic add copoly- 
mer gave predominandy single oil drop cap- 
sules, use of polyvinyl methyl ether/maleic 
anhydride copolymer instead gave predomin- 
andy capsule clusters. Both single oil drop 
capsules and capsule clusters are weU known 
in the microencapsuladon art^ and so will not 
be described further hei^. 

The extent to which the dispersion of 
materials to be encapsulated is stirred also 
influences the type of capsule produced. In 
general, increased stirring results in produc- 
tion of a higher proportion of single oil drop- 
let capsules. 

The relative proportions of the preconden- 
sates and the polymer can be varied quite 
considerably whilst still obtaimng capsules, 
although functional properties of the capsules 
are affected. An Example illustrating the use 
of different relative proportions of the pre- 
condensates and the polymer is described 
subsequentiy. 

The phase ratio employed is generally 
around 6:1 if capsules for a transfer pressure 
sensitive system arc required, but this is not 
critical (the phase ratio is the wei^t ratio 
of oil droplets to capsule wall material in 
the aqueous solution). A higher phase ratio 
may be used if it is desired to encapsulate at 



a higher solids content. If it is desired to 
prodiKe stronger capsules, for example for 
use m a sdf-contained pressure-sensitive 
copying system, for which the capsules should 
be more robust, a lower phase ratio should 
be used. 

It will be realised from the foregoing that 
die present invention involves a number of 
variables, both in the wall materials used and 
the choice of process parameters, i.e. the 
experimental conditions and the sequence in 
wfaidi the various process steps are carried 
out. For any particular combination of wall 
materials thercJore, it is necessary to experi- 
ment to find the optimum way of practising 
the invention so as to obtain capsules having 
good properties. This experimentation is in 
the nature of acquiring expertise and know- 
how and will present litde difficulty to die 
skilled encapsulation technologist. 

In order to illustrate the production of 
microcapsules by the present mediod, refer- 
ence will now be marie to Figs. 1, 2, and 3 
of the accompanying drawings which illus- 
trate diagrammatically and by way of 
example three embodiments thereof, and in 
which: — 

Fig. 1 depicts a process in which liquid 
to be encapsulated is added to an unaddMed 
solution of urea formalddiyde precondensate^ 
melamine formaldehyde precondensate and 
acrylamide/acrylic add cqpolymer; 

Fig. 2 depicts a process in which liquid 
to be encapsulated is added to an addffied 
solution of urea formaldehyde precondensate 
and acrylamide/acrylic co;^ymer; and 

Fag. 3 dq>icts a p2}ocess in winch 
liquid to be encapsulated is added to an 
unaddified solution of urea formaldehyde 
precondensate and acrylanude/acrylic add 
copolymer, and the resulting mixture is chilled 
before addition of melainine formaldejj^de 
precondensate and subsequent addification. 

Referring first to Fig. 1, an aqueous solu- 
tion of urea formaldehyde precondensate, 
melamine formaldehyde precondensate and 
acrylamide/acrylic add copolymer is first 
prepared and then milled with material to be 
encapsulated until a desired droplet size is 
achieved, for example 2 to 3 ^an. The dis- 
persion is then diluted with more water and 
stirred for a period of, for example, half an 
hour. The dispersion is then addified with 
acetic add to a pH of about 4.7, raised to 
a temperature of about 55 °C and maintained 
at that temperature for about 2 hours. The 
dispersion is then allowed to cool and is left 
stirring overnight after which usable cap- 
sules are found to be present. The pH was 
then raised to about 8.5 with sodium hydrox- 
ide solution. 

Referring now to Fig. 2, an aqueous solu- 
tion of urea formaldehyde precondensate and 
acrylamide/acrylic acid copolymer is pre- 
pared and its pH adjusted to about 4.4. After 130 
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stirring for a short time, for example 5 
minutes^ material to be encapsulated is added^ 
and the dispersion so obtained milled to a 
desired droplet size, for example 2—3 iftm. 
5 The dispersion is then raised to a tempera- 
ture of about 55^C and maintained at that 
temperature for a period of, for example, 
from half an hour to diree hours. Melanune 
fDrma]deh3^e precondensate is then added, 
10 and the dispersion is maintained at 55*^C for 
a further two hours. The dispersion is then 
allowed to cool and is left stirring oremight^ 
after which usable capsules are found to be 
present. Finally, the pH of the dispersion 

15 was raised to about 8.5 with sodium hydrox- 
ide solution. 

Referring now to Fig. 3, an aqueous solu- 
tion of urea formaldehyde precondensate and 
acrylamide/acrylic acid copolymer is pre- 

20 pared. After stirring for a short time^ for 
example five minutes, liquid to be ^capsu- 
lated is added and ^e dispersion so obtained 
milled to a desired droplet sire, for example 
2 to 3 /mi. The dispersion is then. chilled 

25 to a temperature of about 15® C and melamine 
formalddiyde precondensate is then added. 
After adjusting the pH to - about 4.2, the 
dispersion is heated to. about 55**C and main- 
tained at that temperature for about 2 hours. 

30 The pH of the dispersion is dien raised to 
about 8.5 with, sodium hydroxide solution, 
and the dispersion is then allowed to cooL 
Although pH values of 4.7, 4.4 and 42 
are referred to above, the same techniques 

35 can be used for pH ^ues in the range 3.5 
to 5.5. 

In the event diat formaldehyde fumes are 
evolved &om the capsule dispersion as a 
result of formalin having been present in the 
40 precondensates, it may be quendied by the 
addition of an ammonium compound or other 
material which will consume the form- 
aldehyde. 

The material to be encapsulated may be 

45 any liquid or soh'd which can be dispersed 
in an aqueous medium and which is sub- 
stantially inert to that medium. As previously 
stated the present method is particularly 
suitable for die encapsulation of materials for 

50 use in pressure sensitive copying systems. 
These materials generally comprise a solution 
of one or more leuco dye derivative colour 
formers in an oily solvent. Examples of such 
solvents are partially hydrogenated ter- 

55 phenyls, chlorinated paraffins, biphenyl 
derivatives, alkyl naphthalenes, diaryl medi- 
ane derivatives, and dibenzyl-benzene deriva- 
tives. Examples of suitable leuco dye deriva- 
tive colour formers are phthalide derivatives 

60 e.g. crystal violet lactone, fiuoran derivatives, 
diphenylamine derivatives, spiropyrane deri- 
vatives and phthalimidine derivatives. Sudi 
solvents and colour formers are well known 
in the pressure sensitive copying paper art, 

65 and so will not be described fixrther herein. 



The invention will now be illustrated by 
the foUowmg examples: — 

EXAMPLE I. 
The following were first mixed: — 

(a) 95 g of BC 77 cationic urea-fotmalde- 70 
hyde preconden^te having a reactive resm 
content of approxioiately 45% by weight and 

a soHds content of approximately 35% by 
weight (BC 77 is supplied by British Indus- 
trial Plastics United); 75 

(b) 60 g of BC 336 methylated melamme 
formaldehyde precondensate having a reactive 
resin content of about 76% by weight and a 
solids content of approximately 71% by 
weight (BC 336 is si^plied by British Indus- 80 
trial Plastics Limited); 

(c) 240 g of R1144 copolymer (a 20% by 
weight solution of an acrylamide/acrylic add 
copolymer supplied by Allied Colloids 
Lmiited and having a viscosity average mole- 85 
cular weight of 400 000 and an acrylic acid 
content of 42% by weight); and 

(d) 850 g de-ioniz^ water. 

200 g of de-ionized water were then added 
to 800 g of the mixture described above, and 90 
the mixture was milled with 800 g of material 
to be encapsulated until a mean droplet size 
of 2 to 3 fcm was reached. 

The material to be encapsulated, which will 
hereafter be referred to as "internal phase" 95 
was a colour former solution. The solvent for 
the colour former solution was a 4:1 ^/w 
mixture of kerosene and HB40, the latter 
being a miacture of partially hydrogenated 
terphenyls sold by Monsanto limited (Iffi40 100 
is also known as San^sol 340). The colour 
formers were crystal violet lactone and 
benzoyl leucomethylene blue^ present in 
amounts of 1.7% Vw and 1.4% Vw res- 
pectively, 105 

The remainder of the mixture was then 
added, followed by 1405 g of de-ionized 
water as a diluent. The resulting composition 
was stirred for 30 minutes, after which its 
pH was lowered to 4.7 by adding acetic acid. 110 
Stirring was then carried out for a further 
30 minutes. The temperature was then raised 
to 55**C using a water bath and the mixture 
stirred for 2 hours at that temperature, after 
which the composition was allowed to cool 115 
and left stirring overnight. Next morning . 
capsules were seen to have formed, and the 
pH was raised to 10.0. The capsules obtained 
were subsequentiy coated onto paper using a 
laboratory Meyer bar coater. When the sheet 120 
was placed on a colour-developiag sheet and 
written t^n, a clear blue copy was developed 
on the colour-developing sheet. 

EXAMPLE II. 
This Example illustrates the use of poly- 125 
mers other than the acrylamide/acrylic acid 
copolymer used in Example I, and also the 
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use of a cationically modified acrylamide co- 
polymer. 

The following were first mixed: — 

a) 105 g of BC 77 cadonic urea fonn- 
5 aldehyde precondensate; 

b) 50 g of BC 336 methylated melamine 

formaldehyde precondensate; and 

c) 650 g of de-ionized water. 

The above mixture, which had a pH of 7.8, 
10 was then emulsified with 800 ml of the inter- 
nal phase used in Escample I and the emul- 
sion obtained was diluted with 1605 g de- 
ionized water. It was necessary to agitate the 
mixture vigorously to prevent the emulsion 
15 from de-stabilising. 

The pH was dien raised to 8.7 by adding 
sodium hydroxide solution, witii the result 
that internal phase clusters of mean diameter 
10 to 15 ^ were formed. 
20 The emulsion was then divided into five 
parts, and an addition was made to each part 
as follows: — 

Part (i*) nothing 

Part (ii) 50 g of 20% by weight solution of 
25 a cationically modified acrylamide copoly- 
mer (R1148 supplied by Allied Colloids 
limited as a 20% by wei^ solution); 
Part (iii) 50 g of a 20% by weight solution 
of R1144 copolymer (as a control); 
30 Part (iv) 200 g of a 5% by weight polyvinyl- • 



Wt of BC 77 
(dry) (g) 

47 

28.5 

60 

55 

41 

57.5 

39.5 



The resulting mixes were each coated on 
to paper as described in Example I. When 
. each of the coated sheets was superimposed 
65 on a colour developing sheet and written 
upon, a clear blue copy was developed on the 
colour developing sheet. 

EXAMPLE IV. 
Example I was repeated except that dif- 
70 ferent reaction pH values were employed, 
namely 5.5, 5.0, 4.5, 4.0, 3.5, 5.2, 5.0, 4,8, 
4.6, and 4,4. The resulting mixes were each 
coated on to paper as described in Example 



mediyl ether/maleic anhydride copolymer 
(PVM/MA); 
Part (v) 200 g of 5% by weight sodium 
carboxymethyl cellulose solutico (BIO, 
suppliai by LCI. limited). 35 

Each mixture was then stirred for one hour 
at ambient temperature, after which the pH 
was lowered to 4.5 by adding acetic add, 
followed by further stirring for 1 hour. The 
temperature of each mix was then raised to 40 
55°C and maintained at that temperature for 
1^ hours with stirring. The mix »was then 
coated onto paper as described in Example 1. 

Mix (i) gave an oily sheet, indicating that 
capsules had not been formed. The remaining 45' 
sheets appeared satisfactory, and when super- 
imposed on a colour-developing sheet and 
vmtten upon, a clear blue copy was developed 
on the colour-developing sheet 



EXAiVlPLE ni. ^ 50 

This illustrates the use of different relative 
proportions of the pnecondensates and the 
polymer while maintaining the total wei^ 
of precondensates and polymer constant. 

The encapsulation procedure in each case 55. 
was as described in Example I, except that 
the pH of die mixture was first adjusted to 
8.7, and subsequendy lowered to 4.5 instead 
of 4.7. The quantities of material used are 
shown below: — 60 



I. When each of the coated sheets was super- 
imposed on a colour developing sheet and 75 
written upon, a clear blue copy was developed 
on the colour developing sheet. 

EXAMPLE V. 
^cample I was repeated except that in 
place of R1144 copolymer the same quantity 80 
of each of the following polymers were 
used: — 

a) Cadonic Starch (Krystal Kote sold by 
Laing National Limited) 



Wt of BC 336 , 
(dry)(^ 


Wt of R1144 
(dry)(g) 


38 


50 


46 


60.5 


32.5 


42.5 


22 


58 


50 


44 


46.5 


31 


32 


63.5 
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. b) Dispex (Registered Trade Mark) N40 (a 
polyaocylate containing polymer sold by 
Allied Colloids Limited) 
c) Coating starch 
5 d) Methyl hydroxypropyl cellulose (Me&o- 
fas (Registered Trade Mark) PM sold by 
I.C.L Limited) 
e) Versicol (Registered Trade Mark) X13 
(a non-ionic polyelectrolyte sold by Allied 
10 Colloids Limited). 

The resulting mixes were each coated on to 
paper as described in Example L When each 
of the coated sheets was si^)erunposed on a 
colour developing sheet and written iqKm, a 
15 clear blue copy was devebped on ^ colour 
developing sheet. 

EXAMPLE VI. 

This illustrates the fact that addition of 
methylated melamine formaldehyde precon- 
20 densate can take place after formation of a 
diq)ersion of internal phase. 
' The following were first mi^ed: — 

a) 19 g of BC 77 cationlc urea foimalde- 
hyde precondensate. 
25 b) 42 g of R1144 copolymer, 
c) 180 g of de-ionized water. 



154 g of internal phase were added and the 
pH was lowered to 4.4, After 5 minutes 
stirring the mixture was milled to give a mean 
droplet size of 4 /mi. The dispersion was then 30 
divided into five parts, and 12 g of BC 336 
m^yiated melamine formaldehyde resin 
were added to eadi part as follows:— 

Part 1 — immediately 

Part 2 — after heating at 55**C (water bath) 35 
for i hour 

Part 3 — after heating at 55^C (water bath) 
for 1 hour 

Part 4 — after heating at SS^'C (water bath) 

for 2 hours 40 

Part 5— after heating at 55**C (water bath) 
for 3 hours 



Each part was then maintained at 55°C, 
for a further two hours, and then left to cool 
ovemigjity with stirring. Next mornings the 45 
pH was raised to 8.5 with sodium hydroxide 
solution. 

The mixes were tiien diluted to 40% by 
weight solids content and coated onto paper 
using a laboratoiy Meyer bar coater. The 50 
viscosity and solids contents of the mhe^ 
before dilution are shown below:— 



Part No. 


Solids Content 
(before dilution) % 


Viscosity cp* 


1 


47 


476 


2 


41 


842 


3 


43 


572 


4 


49 


540 


5 


45 


616 



* As measured using a Brookficld Viscometer, Model 
RVT SpmdJe 2 at 10 rpm, 



The viscosity was low compared with that 
55 which is observed for conventional gelatin- 
based capsular mixes of comparable solids 
content. 

When each of the coated sheets was super- 
imposed on a coloiu: developing sheet and 
60 written upon, a clear blue image was 
developed on the colour developing ^eet. 

EXAMPLE VII. 
This illustrates a technique for swifdy 
achieving a stable dispersion of a droplet size 
65 of approximately 4 jum or lower. 

The following were first mixed: — 

a) 19 g of BC 77 cationic urea formalde-. 
hyde precondensate. 



b) 42 g of R1144 copolymer. 

c) 180 g of de-ionized water. 70 

This mixture was heated for J hour with 
constant stirring at a temperature of 55*C, 
after which was added: — 

d) 12 g of BC 336 methylated melamine 

formaldehyde precondenrate. 75 

The pH of diis mixture was reduced to 4.4 
by addition of 14.7% by weight acetic acid 
solution and stirred for a furdier 5 minutes 
after which were added:— 

e) 154 g of internal phase. 80 
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The resulting miscture was milled until a 
droplet size of 4 jjon was achieved (the 
milling time by this method was reduced 
from 2 minutes as in Sample VI to 10 
5 seconds). After milling, the temperature of 
the diqjersion was reduced to 35° C and 
stirred at constant temperature for 1 hour^ 
after which the temperature was raised to 
55 "C and held for 2 hours. Maintaining the 
10 constant stirring, liie capsule dispersion which 
had formed was allowed to cool overnight and 
the pH adjusted to be in the range from 
8.0 to 10.0. 
If desired^ extra methylated melamine 
15 formaldehyde precondensate may be added 
after the internal phase has been dispersed 
and the temperature dropped to 35*C lliis 
gives the advantage of producing tougher 
capsules but at a cost of necessitating the 
20 addition of extra dilution water and hence 
a lowering in solids content and phase ratio. 

The above procedure was then repeated 
using difiFerent phase ratios, namely 5.9:1, 
4.8:1, and 2.6:1. The 5.9:1 phase ratio mix 
25 (43% by weight solids content) was pro- 
duced as described above, without the final 
addition of extra precondensate and dilution 
water. The 4.8:1, and 2.6:1 phase ratio mixes 
(40% and 25% by weight solids content 
30 respectively), were produced by a final 
addition of 8.0 g and 44.0 g respectively of 
precondensate and of 30 g and 420 g de- 
ionized water respectively. 
All four mixes were then coated on to 
35 paper as described in Example I. When each 
of the resulting sheets was superimposed on 
a colour developing sheet and written upon, 
a clear blue copy was developed on the colour 
developing sheet 



in vessel H, and the pH was adjusted to 10.0 
with sodium hydroxide and the capsular mix 
stored. 

Once all three tanks were fuU^ the through- 
put was adjusted so that the dispersion took 
on average 2 hours to go throug the system. 
By continually topping up tank A capsules 
were produced for a period of 3 hours after 
stability had been attained. 

Samples were withdrawn one, two and 
three hours after the system had reached an 
equih'brium state, and were coated on to 
paper as described in Example L When eadh 
of the resulting sheets was superimposed on 
a oobur deveioph^ sheet and writtoi upon 
a clear blue copy was developed on the colour 
developixsg sheet. 



40 EXAMPLE VHI. 

This illustrates the production of c^sules 
by a continuous process rather than by the 
batch processes so far described. The process 
will be described with reference to Fig. 4 
45 which is a diagrammatic side view of a con- 
tinuous ^capsulation apparatus. A disper- 
sion of internal phase was prepared in • an 
aqueous solution of die wall matermis as 
described in Example I, and after pH adjust- 
50 ment, was fed into a hopper A. This was then 
allowed to drip at a constant rate into a first 
tank B which was heated by a water jacket C 
to a constant temperature of 55°C. An over- 
flow pipe P was provided in the tank B, so 
55 that when the level of dispersion reached the 
pipe P, it flowed out into a second tank D 
also heated by a water jacket E which main- 
tained the dispersion at 55**C. An overflow 
pipe Q was provided in the tank D, for 
60 similarly conveying the dispersion to a third 
tank F, heated to 55*'C by a water jacket G. 
An overflow pipe R was provided in the tank 
F, for conveying dispersions to a receiving 
vessel H. Capsules were found to be present 



EXAMPLE IX. 
This iRustrates an encapsulation procedure 
in whidi a chilling step is carried out before 
addition of melamine fcmnaldehyde precon- 
densate. 

84 g of R1144 copolymer was dissolved 
in 400 g of de-ionized water^ and die solution 
was heated to 55**C. 38 g of BC 77 cationic 
urea-formaldehyde precondensate were added, 
and the mixture was stirred for 40 minutes 
at 55°C. The mixture was then milled with 
189 g of internal phase, as described in 
Examj)le I. 

The resulting emulsion was chilled to 
15*^0, and 45 g of BC 336 melamine form- 
aldehyde precondensate were added. The pH 
was then lowered to 4.15 by addition 14.7% 
by weight acetic add, and the emulsion was 
allowed to stand for one hour with stirring. 
The temperature was tiien raised to 55^Q 
and stirrmg was continued at tiiis tenxperatuxe 
for two hours. The emulszon was then allowed 
to cool to ambient temperature, after which 
the pH was raised to 10 with sodhmi l^dxox- 
ide solution. 

The capsules obtained were coated on to 
paper as described in Example 1. When die 
resulting coated sheet was superimposed on 
a colour developing sheet and written upon, 
a clear blue image was developed cm the 
colour developing sheet. 

The chilling step mentioned above helps 
to prevent droplet coalescence and formation 
of undesirably large capsules, which may lead 
to formation of bhie spots when in use in a 
pressure-sensitive copying system. It is pre- 
ferred to chill to a temperature in the range 
15 to 30**Q about being preferred. 
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EXAiVlPLE X. 
84 g of R1144 acrylic add/acrylamide co- 
polymer were dissolved in 550 g of de- 
ionized water. 38 g of BC 77 cationic urea- 
fonnaldehyde precondensate were added and 
the mixture stirred for 5 minutes. The mix- 
ture was then milled with 189 g of internal 
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. phase as described in Example I to a droplet aldehyde precondensate were added and the 
size of 4 ,/um. pH was dropped to 4.15 with 14.7% by 65 

The resulting emulsion was chilled to 15®C weight acetic acid. After heating for 2 hom^ 
and split into two equal parts. To one half at 55*'Q the pH was raised to 8.5 wiA 25% 
5 were added 40 g of BC 355, a methylated by weij^ caustic soda after which usable 
melamine formaldehyde precondensate having capsules had been produced, 
a reactive resin content of 76%, and to the (fa) 8.4 g of a polyethylene/maleic anhydride 70 
other half were added 34 g of BC 309, a copolymer was mixed with 160 g of de- 
methylated melamine formaldehyde precon- ionized water and heated to 90*'C (the 
10 densate having a reactive resin content of copolymer used was EMA 31 supplied by 
90% by weight (bodi BC 355 and BC 309 Monsanto limited). After chilling to 20°C 
are supplied by British Ihdcistrial Plastics the solution was mixed with 250 g of de- 75. 
Limited). ionized water and 19 g of BC 77 cadonic 

Both emulsions were lowered in pH to urea formaldehyde precondensate. After 5 
15 4.15 by addition of 14.7% by weight acetic minutes stirring this mixture was milled with 
acid and held for 1 hour before heating to 189 g of internal phase as described in 
55°C. This temperature was maintained for Example I to a droplet size of 4 ^xtl 40 g 80 
2 hoin^ after which the pH was raised to of BC 336 mediyla^ melamine formalde- 
8.5 with 25% by weight caustic soda. hyde precondensate was added and the pH 

20 Each batd^ of capsules obtained was dropped to 4.15 with 14.7% by weight acetic 
coated on to paper as described in Exanq>Ie I. add. After heating at 55°C for 2 hours^ the 
When each of the resulting coated sheets pH was raised to 8.5 widi 25% by weig|it 85 
were siq^erimposed on a colour-developing caustic soda after which usable capsules had 
sheet and written i^on^ a clear blue copy been produced. The capsule mixes from a) 
25 was developed on tiie colour developing sheet, and b) were each coated on to paper as 

de»:ribed in Example I. When the r^ultmg 
EXAMPLE XI. _ coated papers were siq)erimposed on colour 90 

42 g of R1144 acrylic acid/acxylamide developing sheets and written upon, a dear 
copolymer were dissolved in 275 g of de- blue copy was developed in each case on 
ionizeid water. 19 g of BC 55, a cationic urea the colour developing she^ 
30 formaldehyde precondensate having a reactive 

resin content of 45% by wdght were added EXAMPLE Xin. 

and the mixture stiircd for 5 minutes (BC55 This Example demonstrates the encapsula- 95 
is siqjplied by British Industrial Plastics ^ tion of a phosphate ester, which is a highly 
■Limited). The mixture was then milled with polar liquid and which is difl&cult or impos- 
35. 189 g of internal phase as described in sible to encapsulate by conventional coacer- 
Example I to a droplet size of 4 /zm. vation techniques "sing hydrophilic colloids 

The resulting emulsion was chilled to 15**C such as gdatin. 100 
and 40 g of BC 336 methylated melamine 42 g of R1144 acrylic add/acryiamide co- 
formaldehyde precondensate were added* The polymer were dissolved m 170 g of de-ioni2sed 
40 pH was dropped to 4.15 by the addition of water and heated to 50°C. 19 g of BC 77 
14.7% by weiglit acetic acid. After holding cationic urea formaldehyde precondensate 
for 1 hour it was heated to 55 ^C and main- were added and the tempemture tnaintflinfid 1Q5 
tained at that temperature for 2 hours. The at 50®C for 40 minutes. 105 g cold de- 
pH was raised to 8.5 with 25% by wdg^ ionized water were stirred in and the mhcture 
45 caustic soda. milled with 189 g of internal phase to a 

The capsule mix so obtained was coated droplet size of 4 pan. The internal phase 
on to paper as described in Example I. When consisted of colour formers as detailed in 110 
tiie resulting coated paper was superimposed Example I dissolved in a 1:1 mixture of 
on a colour devdoping sheet and written kerosene and phosphate ester. 
50 upon, a dear blue copy was developed on the The resulting emulsion was chilled to IS^'C 
colour developing sheet. and 40 g of BC 336 methylated mdamine 

formaldehyde precondensate were added. The 115 
EXAMPLE XIL pH was dropped to 4.15 by the addition of 

This example illustrates the use of further 14.7% by wdght acetic add. After holding 
water soluble polymers. for 1 hour the mixcure was heated to 55 °C 

55 (a) 84 g of a 10% by wdght gdatin solu- and maintained at diat temperature for 2 

tion were mixed with 233 g of de-ionized hours. The pH was raised to 8.5 with 25% 120 
water and the solution maintained at 40''C. by wdght caustic soda and usable capsules 
19 g of BC 77 cationic urea formaldehyde were obtained. The capsules were coated on 
precondensate were added and the mixture to paper as described in Example I. When 
60 stirred for 5 minutes. It was then milled the coated sheet was superimposed on a 

with 189 g of internal phase as described colour developing sheet- and written i^on^ a 125 
in Example I to a droplet size of 8 /ma. dear blue copy was devdoped on the colour 
40 g of BC 336 methylated melamine form- devdoping sheet 
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WHAT WE CLAIM IS:— 
1. A method of encapsulating finely 
devided particulate material to produce 
microcapsules in which the particulate mater- 
5 ial is surrounded by a polymeric shell, com- 
prising the steps of forming a dispersion of 
said particulate material in an aqueous 
medium containing a water soluble urea 
formaldehyde precondensate, a water soluble 

.10 melamine fonnalddiyde precondensate, and a 
water-soluble polymer which is capable of 
being cross-linked by said precondensates, 
and condensing said precondensates by acid 
catalysis with resultant cross-linking of said 

15 polymer about said particulate material, 
thereby to form said polymeric shell. 

2. A method as claimed in Claim 1 
wherein said particulate material comprises 
minute droplets of a water-imraiscible liquid. 

20 and said water-soluble polymer is dispersion 
stabilising, as hereinbefore defined, 

3. A method as claimed in Claim 1 or 
Claim 2, wherein said polymer contains 
alcohol, amines amide, add or add derivative 

25 groiq)s. 

4. A method as claimed in Oaim 3, 
wherein said polymer is a cellulose derivative, 
stardi, a studi derivative, a poly-add, a 
polyester, a polyanhydride copolymer, a poly- 

30 aoykmide or a polyacrylamide copolymer. 

5. A method as claimed in Qaim 4 
wherein said polymer is an acrylamide/ 
acrylic add copolymer. 

6. A method as claimed in any proceding 
35 daim wherein said polymer is ionic. 

7. A method as daimed in Qaim 6 where- 
in said polymer is anionic 

8. A method as claimed in any preceding 
daim wherein said urea formaldehyde pre- 

40 condensate is carionic. 

9. A method as claimed in any preceding 
daim wherein said melamine formaldehyde 
precondensate is a methylated melamine 
formaldehyde precondensate. 

45 10. A mediod as claimed in any preceding 
daim wherein said urea fonnaldehyde pre- 
condensate, said mdamme foxmaldehyde prc- 
condaisate and said water-sohible polymer 
are all present in said aqueous medium before 

50 addition of the liqm'd to be encapsulated to 
form said dispersion, and wherein add for 
bringing about condensation of the precon- 
densates is added after formation of said 
dispersion. 

55 11. A method as claimed in any one of 
Claims 1 to 9 wherein only said lurea form- 
aldehyde precondensate and said water- 
soluble polymer are present in said aqueous 
medium before addition of the Hquid to be 

60 encapsulated, and wherein said melamine 



fonnaldehyde precondensate is added sub- 
sequently to form said diq)ersion. 

12. A method as claimed in Qaim 11, 
wherein said melamine formaldehyde pre- 
condensate is added in batches. 65 

13. A method as claimed in Claim 11 or 
Qaim 12, wherein add for bringing about 
condoisation of said precondensates is added 
to said aqueous medium before addition of 
melamine formaldehyde precondensate. 70 

14. A method as clainied in C^nitp 11 or 
Claim 12, wherein said aqueous medium is 
chilled after addition of the liquid to be 
encapsulated and before addition of mdamihe 
formaldehyde precondensate. 75 

15. A metitod as claimed in any preceding 
daim wherein heat is supplied to accelerate 
condensarion of said precondensates. 

16. A method as claimed in any preceding 
daim vdierein after microcapsule formation, 80 
the aqueous medium is made alkaline. 

17. Alicrocapsules made by a method as 
claimed in any preceding dahn. 

18. Sheet material carrying microcapsules 

as claimed in Claim 17. 85 

19. A mediod as daimed m Claim 1 sub- 
stantially as hereinbefore de^bed with 
reference to Fig. 1 of the accompanying 
drawings. 

20. A n^ethod as claimed in Qaim sub- 90 
stantially as hereinbdfore described with 
reference to Fig. 2 of the accompanying 



21. A method as claimed in Qaim 1 sub- 
stantially as hereinbefore described witfa 95 
reference to Fig. 3 of the accompanying 
drawings. 

22. A method as clanned in Qfltm i sub- 
stantially as hereinbefore described widi 
reference to Fig. 4 of ±e accompanying 100 
drawings. 

23. A method as dahned in Qaim 1 sid>- 
stantially as hereinbefore described witfa 
reference to Examples I to IX. 

24. A method as daimed in Claim 1 sub- 105 
stantially as hereinbefore described with 
reference to Examples X to XIII. 

25. Microcapsules made by a method as 
claimed in any one of claims 19, 20, 22 or 23. 

26. Sheet material carrying microcapsules 110 
as daimed in Qaim 25. 

27. Microcapsules made by a method as 
claimed in Qaim 21 or Qaim 24. 

28. Sheet material carrying microcapsules 
as claimed in Claim 27. 115 

PAGE, WHITE & FARRER, 
Chartered Patent Agents 
27 Chancery Lane, 
London WC2A INT. 
Agents for the Applicants. 
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